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tlms the velocity of propagation is directly proportional to the
square root of the frequency and inversely proportional to the
square root of the product of the resistance and capacity of
the wire per unit length.

The distance to which a disturbance travels before falling to
1/e of its original value is, on substituting the value of /3, seen
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thus the distance to which a disturbance travels is inversely
proportional to the square root of the product of the frequency,
the resistance, and capacity per unit length.

If we take the case of a cable transmitting telephone messages
of such a kind that 2 v/p, the period of the electrical vibrations, is
i/i oo of a second, then if the copper core is 4 millimetres in
diameter and the external radius of the guttapercha covering
about 2-5 times that of the core, B is about 1-3 x 10~5 Ohms, or
in absolute measure 1-3 x 1 04. T is about 15x1 0~22. Substituting
these values for B and F, we find that the vibrations will travel
over about 128 kilometres before falling to 1/e of their initial
value. The velocity of propagation of the phases is about
80,000 kilometres per second. If we take an iron telegraph
wire 4 mm. in diameter, R is about 9-4 x 104 ; the capacity of
such a wire placed 4 metres above the ground is stated by
Hagenbach (Wied. Ann. 29. p. 377, 1886) to be about 10~22
per centimetre, hence the distance to which electrical vibrations
"making 100 vibrations per second would travel before falling to
1/e of their original value would be {1-3 x 15/9-4}^, or 1-43 times
the distance in the preceding case : thus the messages along the
aerial wire would travel about half as far again as those along
the cable, the increased resistance of the iron telegraph wire
being more than counterbalanced by the smaller electrostatic
capacity. Since vibrations of different frequencies die away at
different rates, a message such as a telephone message which is
made up of vibrations whose frequencies extend over a somewhat
wide range will lose its character as soon as there is any
appreciable decay in the vibrations. We see from this investi-
gation that the lower the pitch the further will the vibrations
travel, so that when a piece of music is transmitted along a
telephone wire the high notes suffer the most.city escapes from the two electrodes through a vacuum
